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241
Rubisco and protein determination
242
Total soluble protein content (TSPC) was determined using 243 the Bradford method (Bradford, 1976) . 100 mg of frozen leaf was 244 ground with PBS solution and was centrifuged at 13,000 × g-245 number for 5 min. An aliquot of each extract was used to measure 246 soluble protein by spectrometry, with reference to a standard line 247 which was calculated with BSA (Bobine Serum Albumine). Another 248 aliquot of the same extract was used for protein separation using 249 an acrylamide gel SDS-PAGE. Gel images were scanned and ana-250 lyzed using the Motic Images Plus 2.0 program. The concentration 251 of Rubisco Large (L) and Small (S) subunit was measured against a 252 Rubisco standard protein (Bio-Rad).
253

Growth parameters
254
Plant production was estimated by weighing separately flag 255 leaves, other leaves, spikes, stems and roots for each of the three 256 corresponding CO 2 treatments and during the three measuring 257 periods (i.e. pre-anthesis, T0; grain filling, T1; and the end of grain 258 filling, T2). Plant material was dried in an oven at 80 • C for over 259 48 h to obtain the dry weight. The effects of CO 2 on plant development in both species were 268 tested by two-factor (CO 2 treatment and durum wheat genotype) 269 analyses of variance (ANOVA). The statistical analysis was con-270 ducted with the SPSS 17.0 software package (SPSS Inc., Chicago, 271 IL, USA). The means ± standard errors (SE) were calculated for each 272 parameter. When a particular test was significant we compared the 273 means using a Duncan multiple comparison test. The results were 274 accepted as significant at P < 0.05.
275
Results
276
Growth parameters
277
Analyses of growth parameters showed that Blanqueta had 278 more vegetative biomass (i.e. flag, stems, roots, leaves) but less 279 reproductive biomass (spikes) than Sula. We found significant dif-280 ferences between the two genotypes in terms of the number of 281 spikelets per spike (NsS) and spike biomass (SN), stem number 282 (StN), stem length (StL), biomass (St) and total stem area (TStA), leaf 283 biomass (L) and total leaf area (TLA) and root biomass (R) ( Fig. 1; 284 Table S1 ). No large differences were observed in other biomass 285 parameters between genotypes, i.e. spike length (SL) or flag weight 286 (F) ( Table S1 ). Blanqueta showed a lower HI (0.26; 0.24; 0.31) 287 than Sula (0.56; 0.54; 0.55) in future, current and pre-industrial 288 [CO 2 ] conditions respectively (data not shown) with significant 289 differences between genotypes (P = 0.001) but not between CO 2 290 treatments (P = 0.191).
291
The CO 2 treatments also had an effect on plants and significant 292 differences were found in StL, S, L and R biomass, TSA, TLA and 293 TStA (Table S1) Table S1 ). Total spike biomass per plant (g), total leaf biomass per plant (g), total stem biomass per plant (g), total root biomass per plant (g), total leaf area per plant TLA (cm 2 ) and total stem area per plant TStA (cm 2 ) in durum wheat genotypes Sula (gray bars) and Blanqueta (white bars) under three CO2 growth conditions (future 700 mol mol −1 , current 400 mol mol −1 and pre-industrial 260 mol mol −1 ) during the end of grain filling, T2. Statistical analyses are presented in Table S1 . Data are means ± SE, n = 4.
Gas exchange and chlorophyll fluorescence analysis 303
Non-significant differences were found in V 
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(pre-anthesis, T0; grain filling, T1; and end of grain filling, T2 (Table S2A) .
363
Both genotypes showed greater concentrations of Rubisco at 364 pre-industrial [CO 2 ], however, only in the case of Sula were con-365 centrations of Rubisco lower at future [CO 2 ]. The biggest differences 366 between CO 2 treatments were observed in the small subunit of the 367 protein (Table S2B) .
368
Discussion
369
The agronomic and physiologic parameters of two genotypes 370 of durum wheat, Sula (modern) and Blanqueta (traditional) were 371 characterized in order to study the response of wheat in pre-372 industrial, current and future [CO 2 ].
373
At the beginning of the experiment, it was seen that at future 374 Table S4 . Data are means ± SE, n = 4.
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[ down-regulation and a lower capacity to create new sinks dur-419 ing grain filling. However, in the modern genotype at future [CO 2 ] 420 and during grain filling there was both, an elevated source of C 421 and a newly developed and substantial C sink in terms of the 422 spike. Thus, Sula averted photosynthetic acclimation and increased 423 assimilation by sending more carbohydrates to the spike (Aranjuelo 424  et al., 2009a,b) . After grain filling, assimilation decreased again 425 by means of photosynthetic down-regulation, firstly, as a result 426 of the plant not having the carbon sink to store its assimilation 427 products and, secondly, because it had reached the end of its life 428 cycle. On the other hand, at current or pre-industrial [CO 2 ], Sula 429 demonstrated a lower capacity to increase the biomass of spikes 430 and roots . Clearly, the data suggests that growth responses and 431 photosynthetic rates at future [CO 2 ] will depend on the ability of 432 plants to develop new sinks (e.g. new vegetative or reproductive 433 structures, and/or enhanced respiratory rates) and/or expand the 434 storage capacity or growth rate of existing sinks. Moreover, the 435 expansion of new sinks such as spikes also depends on C availability 436 and the genetic makeup of the plant (as previously mentioned). For 437 that reason, during grain filling the photosynthetic rate increased 438 much more in Sula than in Blanqueta at future [CO 2 ] since Sula 439 has been shown to have the capacity to expand its sinks as previ-440 ously mentioned (Table 1; Table S4 . Data are means ± SE, n = 4. assimilation in traditional plants and, secondly, the aversion of the has an important role to play in this process.
446
As stated previously, our data suggested that photosynthetic 447 down-regulation is the consequence of insufficient plant sink 448 capacity, but is also due to a decrease in Rubisco concentration (i.e. and also in concentration of Rubisco (Table 1) . We found evidence 471 in our study which showed that plants were up-regulated at pre- 
549
The leaf is a major storage organ for nitrogen. At future [CO 2 ] 550 nitrogen leaf content declined (32 and 17% for Blanqueta and Sula 551 respectively) such that NUE increased (Fig. 4) . Rubisco accounts 552 for more than 50% of total soluble protein and over 25% of the 553 total nitrogen of leaves (Makino et al., 1984; Hawkesford and 554 Barraclough, 2011). Therefore, plants at future [CO 2 ] had less con-555 tent in terms of Rubisco and proteins, and for the same reason, 556 plants had less N content in leaves (Gutierrez et al., 2013) . At pre-557 industrial [CO 2 ], plants were seen to have more N concentration 558 (40 and 50% for Blanqueta and Sula, respectively) and lower NUE 559 (Polley et al., 1995 ; Fig. 4 ). These data suggest that traditional plants 560 have a higher NUE than modern genotypes since the vegetative part 561 of the plant is a large N sink. However, in future conditions, modern 562 genotypes have a higher NUE since the spike acts as a large sink, 563 thereby averting the acclimation of photosynthesis and increasing 564 assimilation, biomass and NUE.
565
Conclusions
566
In this paper, we have shown the effects of pre-industrial 567 and future [ 
